Aflatoxins are toxic chemicals that are produced by Aspergillus flavus and Aspergillus parasiticus species of fungi. Aflatoxicosis caused by consumption of aflatoxin-contaminated feeds represents one of the serious diseases in most fish species. Due to the lack of information regarding the effects of aflatoxin B 1 (AFB 1 ) on farmed Acipenser stellatus, providing practical information for rearing of A.stellatus is imperative. A. stellatus fingerlings with the mean initial weight of 7.90 ± 0.12 g were kept in 50 Liter tanks with 10 fish per tank in a one way through water system with well water. Fish were adapted to the rearing conditions. The experimental diets were formulated to contain 1500, 1850, 2300, 2850 and 3500 ppb AFB 1 kg -1 diet. ). Two control diets were also considered. Fish were fed each of the experimental diets in triplicate groups three times a day for 52 days. At the end of the experimental period, there were significant effects (p<0.05) on WG%, final biomass, condition factor (CF), specific growth rate (SGR) and survival rates with the increase in aflatoxin levels in diets. There were significant differences (p<0.05) in blood parameters including WBC, RBC, HB and PCV % and also liver enzymes such as AST, ALT and ALP with the increase in aflatoxin levels in diets. 50% of fingerlings perished after 52 days of feeding at the concentration of 3500 ppb AFB 1 kg -1 . The results of this study revealed that Acipenser stellatus was relatively resistant to aflatoxin B 1 .
Introduction
Aflatoxicosis caused by consumption of aflatoxin -contaminated feeds represents one of the serious diseases in most fish species.
Aflatoxins are toxic chemicals that are produced by Aspergillus flavus and Aspergillus parasiticus species of fungi. Aflatoxins are generally known as fungus. Oil seeds such as cottonseed, ground nut, corn, wheat, sunflower seeds, fish food and generally all foods can be contaminated with aflatoxins. The four main aflatoxins are B 1 , B 2 , G 1 and G 2 and aflatoxin B 1 is one of the most powerful cancer-causing agents in animals (Smith 1997 , Mortazavi & Tabatabaei 1998 , Royes 2002 . Biological effects of aflatoxin B 1 on fish is directly influenced by factors such as age and sex of fish as well as the concentration of toxin in food (Eaton & Groopman 1994) . Fry are more susceptible to aflatoxicosis than adults. The reported symptoms of toxicity in fish include weight loss, changes in blood parameters and necrosis of liver cells (Raghavan, Zhu, Lei, Han, Yang & Xie 2011; Abdelhamid, Salem, Mehrim & EL-Sharavi 2007) . Inappropriate storage of food is one of the most common predisposing factors for fungal growth and mold production which can be controlled by fish culturists. Synthesis of aflatoxins in feeds is increased at temperatures above 27°C, humidity levels greater than 62% and moisture levels in the feed above 14% (Santacroce, Conversano, Casalino, Lai, Zizzadoro, Centoducati & Crescenzo 2008) . Acipenser stellatus is one of the most important economic sturgeon species in the Caspian Sea.
Due to the severe reduction of brood stocks of this species in recent years (Ghaninejad 1997) the maximum exploitation of farmed sturgeon fingerlings must be carried out. On the other hand, fingerlings are more susceptible to pathogens than adults, and hence high mortality is recorded during their adaptation to formulated diets. Moreover this stage is physiologically the most important stage in fish growth. Therefore, producing a healthy diet with the high nutritional value in order to improve the quality of produced fish and increase survival rates in this species were the reasons for choosing this study. 
Materials and Methods

The experimental system and fish selection
A total of 210 A. stellatus fingerlings with a mean initial weight of 7.90 ± 0.12 g (were obtained from International Sturgeon Research Institute, Rasht, Iran) were kept in 50-L tanks in a one way through water system with aerated well water. Fish were adapted to the rearing conditions and all the experimental treatments were kept under the same rearing conditions. Seven treatments (2 control groups and 5 experimental groups with different concentrations of aflatoxin) with three replicates were considered for the experiment.
Preparation of experimental diets
A stock solution was prepared by dissolving 1mg of aflatoxin B 1 (Sigma Chemicals, St.
Louis, MO, USA) in 10 ml of methanol (Jantrarotai & Lovell 1990 , Jantrarotai et al. 1990 (Ronyai & Ruttkay 1990) .
Hematology
Blood parameters
Blood parameters including RBC, Hb and PCV % significantly decreased with the increase in toxin in diets, (Table 2) . While a significant increase was observed in WBC when toxin levels increased in diets compared to that in the control groups (p<0.05) 16 ± 1 b 14. 5 ± 0.5 b 12 ± 0.5 b 18.5 ± 0.5 b 20.50 ± 1.5 ab 22. 5 ± 0.54 a 23.5 ± 1. 5 a P.C.V% a,b,c... Means in the same row bearing different letter significantly (p<0.05).
Plasma biochemical parameters
Based on the results obtained from this study, the blood of fingerlings significantly increased with increase in toxin levels in diets and showed significant differences compared to that in control groups (p<0.05) (Table 3) . Table 3 . Serum Aspartate aminotransferase (AST), Alanine aminotransferase (ALT) and Alkaline phosphatase (ALP) activities of control and AFB1 exposed Acipenser stellatus throughout 52 days exposure period (1500 ppb) Control -Control + 501 ± 32 a 613.5 ± 33.5 a 501.5 ± 48.5 ab 441.5 ± 1.5 ab 275 ± 40.5 a 325.5 ± 3 b 293 ± 5.5 b AST (U L -1 ) 6 ± 1 a 4.5 ± 1 a 3.5 ± 0.5 ab 4 ± 0.14 ab 5 ± 0.7 a 3.5 ± 0.5 b 3 ± 0.5 b ALT (U L -1 ) 424 ± 19 a 346 ± 19 a 387.5 ± 2.5 ab 409 ± 1 ab 473 ± 28 a 304 ± 6 b 247.5 ± 2.5 b ALP (U L -1 ) a,b,c... Means in the same row bearing different letter significantly (p<0.05).
Survival
The survival rates in fingerlings fed control diets were higher than those of fish fed diets containing aflatoxin. The results indicated that the survival rates decreased with toxin increase in diets. The lowest survival rate was recorded in fish fed the diet containing 3500 ppb AFB 1 kg -1 (treatment 5) which had significant differences compared to that in the control groups and other treatments (p<0.05) (Table 4 ). At the end of 52 days (8-week) feeding trial ( Fig. 1.) , there was no mortality in control groups. A total of 10% mortality was recorded in fish fed the diet containing 1500 ppb AFB 1 kg -1 (treatment 1) from the 7 th week of rearing. reported that fish fed diets containing 100 ppb AFB 1 kg -1 showed lower weight than those in fish fed control and anti-toxin diets.
Experimental studies conducted in channel catfish exposed to 2150 ppb AFB 1 kg -1 revealed that there were no significant differences in weight gain during ten weeks of rearing. Only 24 % of fish showed a reduction in weight gain with 10000 ppb concentration of AFB 1 (Jantrarotai & Lovell, 1990) . These findings were in agreement with this study. The results of this study indicated that specific growth rate (SGR) decreased as dietary AFB 1 concentration increased. Abdelhamid et al. (2007) showed that tilapia fed diets containing 100 ppb AFB 1 kg -1 had lower SGR than fish fed control and anti-toxin diets. A study on reducing effects of vitamin C on Aflatoxin-contaminated feeds by Shehata, El-Melegy and Ebrahim (2009) indicated that Nile tilapia fed diets containing 3000 ppb AFB 1 kg -1 had lower SGR than fish fed control diets or aflatoxin-contaminated diets supplemented with vitamin C. Chavez-Sanches et al. (1994) revealed that the growth of Nile tilapia decreased when fish were fed diets containing 1880 ppb AFB 1 kg -1 during the 25 days of rearing. The specific growth rate of tilapia was significantly influenced by diet containing 2.5 mg AFB 1 kg -1 , while diet containing 250 ppb AFB 1 kg -1 did not significantly affect the SGR of tilapia (Tuan, Grizzle, Lovell, Manning & Rottinghaus 2002) .
It is generally observed that Nile tilapia is more sensitive to aflatoxin contamination than channel catfish (Tuan et al. 2002) .
Hematology
Blood parameters including RBC, Hb and PCV % significantly decreased with toxin increase in diets, while a significant increase was observed in WBC with toxin increase in diets compared to control groups (p<0.05). Salem, Shehab El-Din1, Khalafallah, Sayed, Amal (2010) showed that the white blood cells of Nile tilapia was higher in fish fed diets containing 150 ppb AFB 1 kg -1 than in those fed control or anti-toxin diets. Long-term impairment of the immune system through a substantial reduction in B lymphocytes was observed in Rainbow trout embryos exposed to AFB 1 (Arkoosh & Kaattari 1987; Ottinger & Kaattari 1998) .
A reduction in immunoglobulin production as well as increase in lymphocytes was reported by aflatoxin contamination (Ottinger and Kattari 1998) . The deleterious effects of aflatoxin B 1 on hematopoietic tissues lead to decreased production of lymphocytes and immunoglobulin (Sahoo & Mukherjee 2001 , 2003 . In a study on minimum lethal concentration of aflatoxin in Acipenser ruthenus ♂ × A. baeri ♀ fingerlings, a significant reduction in hematocrit was reported in fish fed diets containing 80 ppb AFB 1 kg -1 (80 μg kg -1 ) after 35 days of rearing (Raghavan AST and ALP will increase in blood serum.
These findings are similar to results obtained from Acipenser stellatus in the present study. Santacroce et al. (2008) reported suspicious mortalities without any clinical signs in aquatics fed aflatoxin-contaminated diets.
Survival
A significant reduction in survival rates was observed as dietary aflatoxin increased.
According to Raghavan et al. (2011) , mortality of Acipenser ruthenus ♂ × A. baeri ♀ fingerlings fed diets containing 80 ppb AFB 1 kg -1 reached to more than 50% after 25 days of rearing. The first mortality was recorded at the concentration of 80 ppb AFB 1 kg -1 on days 12 and 13 of rearing. Mortality was observed on day 18 of rearing at the concentration of 20 ppb AFB 1 kg -1 . A total of 8.6% mortality in juvenile Huso huso was reported by Farabi et al. (2006) after 15 days of feeding at the concentration of 10 ppb AFB 1 kg -1 , although the exact time of the first mortality was not specified in their study. However in other species such as Nile tilapia, 17% mortality was reported after 10 weeks of feeding at the concentration of 200 ppb AFB 1 kg -1 (El-Banna, Teleb, Hadi & Fakhry 1992) . Chavez-Sanchez et al. (1994) reported that a dose of 30000 ppb AFB 1 kg -1 diet was not lethal to Nile tilapia. An increase in mortality was recorded in Nile tilapia fed diets containing 100000 ppb AFB 1 kg -1 for 8 weeks, although it was not significantly different from fish fed diets containing 10000 ppb AFB 1 kg -1 .
In this study, more than 50% of fingerlings perished after 52 days of feeding at the concentration of 3500 ppb AFB 1 kg -1 . A total of 7% mortality was recorded in fish fed diet containing 1500 ppb AFB 1 kg -1 . The magnitude of toxicity is influenced by species susceptibility, toxin concentration, toxin exposure time, age and rearing conditions (Santacroce et al. 2008 
